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PhenolicsAbstract Pearl millet (PM) is the fifth most important cereal crop in the world after rice, wheat,
maize, and sorghum. To date no previous studies have evaluated the nutritional characteristics
and health promoting activity of the Moroccan variety. In this focus, this study aims at character-
izing Moroccan Pennisetum glaucum seeds for their chemical composition (fibers, oil, proteins, fatty
acids, minerals and phenolics), and antioxidative and antibacterial properties of polar and apolar
fractions. The Moroccan variety contains considerable amount of proteins (10.84 ± 0.22%), Oil
(6.45 ± 0.12%), Calcium (Ca) (211.01 ± 5.12 mg/100 g) and Magnesium (Mg) (174.04
± 3.12 mg/100 g). Manifestly, PM is a good source of lipids since the major fatty acids found in
PM oil were oleic (38.39%) and linoleic (36.61%). Moreover, phenolic and flavonoid content of
PM fractions varied from 4.19 ± 0.21 to 22.78 ± 0.42 mg GAE/g fdw, and from 0.75 ± 0.30 to
15.60 ± 2.74 mg RE/g fdw, respectively. Antioxidant evaluation resulted in higher activity for
the ethanolic fraction (208.01 ± 2.54 mg TE/g fdw (DPPH)/8.29 ± 0.11 mg TE/g fdw
(TEAC)/21.20 ± 0.57 mg AAE/g fdw (FRAP)). Furthermore, the antibacterial activities of the
obtained fractions on gram negative and positive bacteria (Escherichia coli, Citrobacter freundii,
Salmonella spp., Staphylococcus aureus, Bacillus sp., Bacillus cereus and Listeria ivanovii) werermacie,
oroccan
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fraction exhibited an antibiotic effect on all tested bacteria.
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Pennisetum glaucum or pearl millet (PM) also known as ‘‘illan”
in Morocco is one of the most important cereals grown in trop-
ical semi-arid regions such as Africa and Asia. Pearl millet is
known for many biological activities (Shahidi and Asekar,
2013). However, to our knowledge no previous studies have
compared the antibacterial activity of polar and apolar frac-
tions from Moroccan PM seeds. Recently, the antimicrobial
properties of lipids have become increasingly recognized
(Parsons and Rock, 2011). Obviously, bacteria ability to evade
any form of existing therapy is evident. Consequently, patho-
gens resistant to one or more antibiotics are emerging and
spreading worldwide. Therefore, finding an adequate natural
alternative treatment and options for infectious disease has
become increasingly important (Nussbaum et al., 2006). Man-
ifestly, many of the antibacterial agents were natural products
or potent semisynthetic variations (Newman et al., 2003).
Moreover, factors such as polarity may influence extracts
and compound effectiveness. Accordingly, a previous study
has described the correlation between polarity, phytochemical
compositions and bioactivities (Marmouzi et al., 2015). Hence
the chemical composition may change following the extraction
method and solvent polarity, contributing to enhance the
antibacterial potential of plants extracts. In our ongoing
research focusing on food chemistry and bioactivities
(Marmouzi et al., 2015, 2016; Gharby et al., 2011, 2015a,b;
Harhar et al., 2014) the present study aims to evaluate the
chemical composition (fatty acids, minerals, proteins, fibers,
phenolics) and pharmaceutical potential of polar and apolar
fractions from Pearl millet cultivars based on antioxidative
potential and antimicrobial effects.2. Materials and methods
2.1. Plant material and extraction
Three different solvents (Petroleum ether, Ethyl acetate and
Ethanol) were used to fractionate the soluble compounds from
Pearl Millet (PM) in ascending polarity. PM seed powders
(250 g) were extracted by using a soxhlet extractor for 6 h with
400 mL of extractant under reflux conditions. The organic sol-
vent in the extracts was removed using a rotary evaporator to
yield three fractions: Petroleum ether (MPE), Ethyl acetate
(MEA) and Ethanol (MET).
2.2. Proximate analysis
The crude protein content was determined using the Kjeldahl
method with a conversion factor of 6.25. All methodologies
followed the recommendations of AOAC (1990) and all
measurements were done in triplicate. Crude fat was
determined by extracting a known aliquot of sample (100 g)zi, I. et al., Functional composition, an
audi Society of Agricultural Sciences (with petroleum ether, using a Soxhlet apparatus. Results for
each parameter were expressed in percentage (%). Acid deter-
gent fiber (ADF) and lignin content (ADL) were determined
using the method described by Van Soest (1963). Neutral
detergent fiber (NDF) was determined according to Van
Soest and Wine (1967). The amount of cellulose in samples
was estimated according to AOAC methods.
2.3. Mineral composition
The mineral composition (Ca, Mg, Fe and Zn) was determined
using an inductively coupled plasma atomic emission spec-
troscopy (ICP AES, Jobin Yvon Ultima 2), as previously
described (Marmouzi et al., 2015,2016).
2.4. Fatty acid analysis
PM Oil has been prepared according to a previously described
method (Gharby et al., 2011). Aliquots (1 lL) were injected
into a gas chromatograph (Varian CP-3800, Varian Inc.)
equipped with a FID. The column used was a CP-Wax 52CB
column (30 m  0.25 mm i.d.; Varian Inc., Middelburg, The
Netherlands). The carrier gas was helium, with a total gas flow
rate of 1 mL/min. The initial column temperature was 170 C,
the final temperature was 230 C, and the temperature was
increased by steps of 4 C/min. The injector and detector tem-
perature were 230 C. Data were processed using Varian Star
Workstation v 6.30 (Varian Inc., Walnut Creek, CA, USA).
2.5. Phenolic contents
The amount of phenolic contents (PC) was determined accord-
ing to the Folin–Ciocalteu method as described by Spanos and
Wrolstad (1990), and modified by Lister and Wilson (2001).
The phenolic content was determined as mg of gallic acid
(mg GAE/g fdw) equivalent per g of fraction dry weight.
2.6. Flavonoid content
The flavonoid contents (FC) in the fractions were determined
using a colorimetric method (Dewanto et al., 2002). The absor-
bance was recorded against a blank at 510 nm. The flavonoid
content was determined as mg of rutin (mg RE/g fdw) equiva-
lent per g of fraction dry weight.
2.7. Trolox scavenging equivalent activity (DPPH)
The free radical scavenging activity of the PM fractions was
measured by 2,20-Diphenyl-1-picrylhydrazyl hydrate (DPPH)
(Huang et al., 2011), with some modifications. The radical-
scavenging activity was calculated as a percentage of DPPH
discoloration and represented as trolox equivalent from the
standard curve.tibacterial and antioxidative properties of oil and phenolics from Moroccan
2016), http://dx.doi.org/10.1016/j.jssas.2016.04.007
Table 1 Proximate analysis (%) of Moroccan Pearl millet.
Elements Pearl millet Oata Quinoab
Proteins 10.84 ± 0.22 12.24 ± 0.98 12.51 ± 0.18
NDF 17.08 ± 1.47 17.32 ± 1.33 72.03 ± 0.73
ADF 3.81 ± 0.29 9.24 ± 0.67 27.06 ± 0.07
ADL 0.58 ± 0.07 0.69 ± 0.08 4.44 ± 0.92
Cellulose 2.22 ± 0.07 10.97 ± 0.77 5.5 ± 0.14
Fat 6.45 ± 0.12 2.5 ± 0.09 4.88 ± 0.32
Moisture 10.99 ± 0.15 12.37 ± 0.56 9.25 ± 0.35
a Marmouzi et al. (2016).
b Marmouzi et al. (2015).
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(TEAC)
The ABTS + cation radical was produced by the reaction
between 10 mL of 2 mM ABTS in H2O and 100 lL of
70 mM potassium persulfate, stored in the dark at room tem-
perature for 24 h (Re et al., 1999). The antioxidant activities of
samples are expressed as TEAC values, defined as the concen-
tration of standard trolox with the same antioxidant capacity
of the fraction under investigation (mg TE/g fdw).
2.9. Ferric reducing antioxidant power (FRAP)
The ferric ions (Fe3+) reducing antioxidant power (FRAP)
method (Oyaizu, 1986) was used to measure the reducing
capacity of PM fractions with a slight modification, which
involves the presence of fractions to reduce the ferricyanide
complex to the ferrous form. The reducing power of the frac-
tions was represented as ascorbic acid equivalent (mg AAE/g
fdw).
2.10. Antimicrobial activity
2.10.1. Microorganisms
The strains used to evaluate the antimicrobial activity were
obtained from Collection of Institute Pasteur (CIP) and from
American Type Culture Collection (ATCC). Gram-positive
bacteria were Staphylococcus aureus (ATCC 25923), Bacillus
sp. (CIP 104717), Bacillus cereus (ATCC 33019), and Listeria
ivanovii (ATCC 19119). Gram-negative bacteria were Escheri-
chia coli (ATCC 10536), Citrobacter freundii (ATCC 8090),
and Salmonella spp.
2.10.2. Antibacterial assays
Antibacterial assays were carried out using the agar disk diffu-
sion assay (Bauer et al., 1966). Three colonies of each bac-
terium were removed with a wire loop from the original
culture plate and were introduced into a test tube containing
5 mL broth. An overnight culture yielded a suspension of
106 bacteria/mL (evaluated by the absorbance value of 0.5 at
620 nm). This solution was diluted 100-fold and the bacterial
density was then adjusted to 0.2  104 cells/mL with sterile
water to inoculate Petri dishes containing culture media (Muel-
ler–Hinton agar). PM fractions were tested using paper disks
(6 mm diameter) impregnated with the solution (500 lg/disk)
(Chabbert, 1963). After the temperature was equalized at
4 C, the microorganisms were incubated overnight at 37 C.
Inhibition zones were then measured.
Disks impregnated with standard antibiotic streptomycin
are used at 50 or 100 lg/mL as reference. In addition, Control
disks were prepared with each solvent (Petroleum ether, Ethyl
acetate and Ethanol) and all tests were performed in triplicate.
Representative halos were those measuring a diameter superior
to 10 mm (Lima-Filho et al., 2002).
2.11. Statistical analysis
Data were expressed as the mean values ± standard deviation
(SD) for each measurement. The data were also analyzed by
one-way analysis of variance (one-way ANOVA). Post HocPlease cite this article in press as: Marmouzi, I. et al., Functional composition, an
Pennisetum glaucum seeds. Journal of the Saudi Society of Agricultural Sciences (procedure was used for significance of difference (p< 0.05).
Analysis was performed with Graph pad prism 6.
3. Results and discussion
3.1. Proximate analysis
P. glaucum is the most widely grown type of Millet. A proxi-
mate composition of PM is described in Table 1. Proteins
are considered potential functional food ingredient and essen-
tial amino acid pattern (Saleh et al., 2013). Moroccan variety
contains considerable contents of proteins (10.84 ± 0.22%)
and fat (6.45 ± 0.12%). Dietary quality should be taken into
consideration, especially for solving the problem of food inse-
curity and malnutrition (Saleh et al., 2013). In addition to the
cultivating advantages, PM was found to have high nutritive
value, and especially protein content is comparable to other
Moroccan cereals (Oat and Quinoa – Table 1). High variability
in fiber contents between Pearl Millet, Oat and Quinoa can be
linked to sample preparation, stockage conditions and experi-
mental errors. Moreover, it has been reported by Shahidi and
Asekar (2013) that PM contains carbohydrates (60–70%), pro-
teins (7–11%), fat (1.5–5%) and crude fiber (2–7%). Finally,
moisture content in PM was acceptable (10.99 ± 0.15%).
3.2. Mineral composition
Nutrition plays an important role in bone health. The two
nutrients essential for bone health are calcium and vitamin
D (Gennari, 2001). PM is a rich source of Calcium (Ca)
(211.01 ± 5.12 mg/100 g) and Magnesium (Mg) (174.04
± 3.12 mg/100 g), and it contains also considerable amounts
of Zinc (Zn) (40.19 ± 1.06 mg/100 g) and Iron (Fe) (30.11
± 2.11 mg/100 g). These results are higher than those reported
by Bashir et al. (2014), who indicated that PM contains
137.10 mg/100 g of Mg, 22.90 mg/100 g of Ca, 4.29 mg/100 g
of Fe and 4.03 mg/100 g of Zn. Interestingly, Calcium levels
(Table 2) in PM are much more higher than other cereals
Table 2 (Oat and Quinoa) which explain its possible contribu-
tion in bone disease as reported in traditional uses. It has been
shown that reduced supplies of calcium may be associated with
a reduced bone mass and osteoporosis. Also, convincing evi-
dence has been given that dietary calcium intake is positively
related to bone mineral density (Gennari, 2001). According
to previous investigations, the daily average calcium intake
in Europe has been evaluated as 300 and 600 mg/day in
women, and 350 and 700 mg/day in men (Gennari, 2001).tibacterial and antioxidative properties of oil and phenolics from Moroccan
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Table 2 Mineral composition (mg/100 g) of Moroccan Pearl
millet.
Elements Pearl millet Oata Quinoab
Ca 211.01 ± 5.12 42.15 ± 0.67 93.71 ± 0.83
Fe 30.11 ± 2.11 25.29 ± 0.34 0.36 ± 0.20
Mg 174.04 ± 3.12 49.52 ± 0.47 180.47 ± 1.83
Zn 40.19 ± 1.06 7.16 ± 0.09 38.43 ± 0.49
a Marmouzi et al. (2016).
b Marmouzi et al. (2015).
Table 3 Fatty acid (%) composition of Moroccan Pearl millet
oil.
Fatty acids Pearl millet Oata Quinoab
Palmitic acid 0.63 15.33 9.38
Palmitoleic acid 0.03 0.21 0.08
Stearic acid 4.66 3.38 Nr
Oleic acid 38.39 41.26 19.70
Linoleic acid 36.61 35.09 60.31
Linolenic acid 2.06 0.81 5.90
Arachidic acid 0.90 0.33 0.30
Gadoleic acid 0.27 nr Nr
a Marmouzi et al. (2016).
b Marmouzi et al. (2015), nr (not reported).
Figure 1 Phenolics and flavonoids contents of Pearl millet
fractions. Phenolics in (mg GAE/g fdw), flavonoids in (mg RE/g
fdw). Millet Petroleum ether (MPE), Millet Ethyl acetate (MEA)
and Millet Ethanol (MET) extracts.
Table 4 Antioxidant activities of Pearl millet fractions.
DPPHa FRAPb TEACa
MPE n.d 1.25 ± 0.12a 0.07 ± 0.18a
MEA 29.01 ± 0.89a 14.68 ± 0.01b 0.76 ± 0.05b
MET 208.01 ± 2.54b 21.20 ± 0.57c 8.29 ± 0.11c
a mg TE/g fdw.
b mg AAE/g fdw, n.d (not determined), values in the same col-
umn not sharing a common letter (a–c) differ significantly at
p< 0.05.
4 I. Marmouzi et al.3.3. Fatty acid composition
Fatty acids are required components of physiological mecha-
nisms that facilitate organs and tissue development, as well
as cellular and immune system functionality (Reiner et al.,
2014). The linoleic and alpha-linolenic acids are considered
the main essential fatty acids, also often referred to as
omega-6 and omega-3 fatty acids. Oil content in Moroccan
PM (Table 1) is around 6.45 ± 0.12%. Manifestly, PM is a
good source of lipids since the major fatty acids (FAs) found
in PM oil were oleic and linoleic (Table 3), beside the majority
of FAs in PM seeds were unsaturated (77.36%). According to
the comparison from Table 3, it has been observed that PM Oil
is comparable to other cereals such as Oat and Quinoa. How-
ever, Palmitic acid levels in those grains are much more ele-
vated (15.33% and 9.38%) than its equivalent in PM Oil
(0.63%). It is interesting to mention that consumption of Pal-
mitic acid increases the risk of developing coronary heart dis-
ease and some tumors (Fattore and Fanelli, 2013).
3.4. Phenolic and flavonoid contents
Phenolic compounds are one of the most highly diversified
groups of phytochemicals found in all plant organs and are
therefore an integral part of the human diet (Shahidi and
Asekar, 2013). PC of PM fractions varied from 4.19 ± 0.21
to 22.78 ± 0.42 mg GAE/g of fdw, while FC ranged from
0.75 ± 0.30 to 15.60 ± 2.74 mg RE/g of fdw (Fig. 1). Solvent
polarity plays a key role in increasing phenolic solubility
(Marmouzi et al., 2015). Several studies have shown that aque-
ous organic solvent is effective in extracting phenolic and other
polar substances from cereals (Ragaee et al., 2006). Our results
are higher than those reported (10.2 ± 0.21 mg GAE/g andPlease cite this article in press as: Marmouzi, I. et al., Functional composition, an
Pennisetum glaucum seeds. Journal of the Saudi Society of Agricultural Sciences (2.35 ± 0.25 mg CE/g) in a previous study (Hithamani and
Srinivasan, 2014).
3.5. Trolox scavenging equivalent activity (DPPH)
DPPH is a stable free radical, which has an unpaired valence
electron at one atom of nitrogen bridge. Table 4 illustrates
the trolox equivalent scavenging activity of DPPH obtained
for each fraction, and expressed in mg TE/g fdw. The ethanolic
fraction of PM showed the highest level of antioxidant activity
(208.01 ± 2.54 mg/g fdw). Significant differences have been
registered between fractions (P< 0.05).
3.6. Trolox equivalent antioxidant capacity using ABTS
(TEAC)
Trolox equivalent antioxidant capacity is based on the inhibi-
tion of the absorbance of the radical ABTS + solution when it
is exposed to an antioxidant (Marmouzi et al., 2016). ABTS
radical scavenging capacities of PM fractions were expressed
as Trolox equivalent in Table 4. The order of the antioxidant
capacities among PM fractions was MET >MEA>MPE
and ranged from 0.07 ± 0.18 to 8.29 ± 0.11 mg TE/g fdw.
3.7. Ferric reducing antioxidant power (FRAP)
Reduction and Oxidation of a chemical are defined as a gain of
electrons or as a loss of electrons, respectively. A reducing
agent is a substance that donates electrons and, thereby, causes
another reactant to be reduced. Reducing power of bioactive
compounds or food components reflects the electron donatingtibacterial and antioxidative properties of oil and phenolics from Moroccan
2016), http://dx.doi.org/10.1016/j.jssas.2016.04.007
Table 5 Antibacterial activity of Pearl millet fractions expressed as inhibition diameter (mm).
Bacteria MPE MEA MET
Gram positive
Bacillus cereus ATCC 33019 n.d n.d 12.33 ± 1.53
Bacillus sp. CIP 104717 n.d 28.33 ± 18.50b 8.67 ± 1.53a
Listeria ivanovii ATCC 19119 n.d n.d 34.00 ± 3.61
Staphylococcus aureus ATCC 25923 n.d 8.00 ± 1.73a 27.33 ± 7.02b
Gram negative
Citrobacter freundii ATCC 8090 n.d n.d 27.67 ± 4.04
Escherichia coli ATCC 10536 11.33 ± 4.04a 7.33 ± 2.31a 25.33 ± 4.51b
Salmonella spp. n.d 22.67 ± 2.52a 24.67 ± 5.51a
n.d (not determined), values in the same row not sharing a common letter (a–b) differ significantly at p< 0.05.
Values in bold represent the most potent extract for each strain.
Properties of oil and phenolics from Moroccan Pennisetum glaucum seeds 5capacity and is associated with antioxidant activity (Gu¨lc¸in,
2015).
Ferric reducing antioxidant power (FRAP), in all fractions
was determined as acid ascorbic equivalent as shown in
Table 4. MET fraction exhibited the highest reducing power
21.20 ± 0.57 mg AAE/g of fdw.
3.8. Antibacterial effects
The antibacterial activity of PM fractions was assessed against
several pathogenic bacteria, that belong to gram negative
[E. coli (ATCC 10536), C. freundii (ATCC 8090), Salmonella
spp.] and gram positive [S. aureus (ATCC 25923), Bacillus
sp. (CIP 104717), B. cereus (ATCC 33019), L. ivanovii (ATCC
19119)] strains. To characterize the inhibitory effect, the diam-
eter of inhibition zone was determined (Table 5). The results
show that among all fractions, only the ethanolic one (MET)
exhibited an antibiotic effect on all tested bacteria. In the other
hand, the oil fraction showed a moderate activity (11.33
± 4.04 mm) against E. coli, which confirms results obtained
by Meyer, who described an inhibitory potential of volatile
fatty acids on E. coli (Wolin, 1969). The promising effect of
ethanolic fraction from PM, can be attributed to the interest-
ing phenolic content of this fraction, since phenolic compound
has been shown to possess strong antibacterial activities. Obvi-
ously, the AA of phenolics has been extensively investigated
against a wide range of microorganisms and shown potent
activity and interesting synergetic properties with antibiotics
(Daglia, 2012). Moreover, fatty acids are still underestimated
as antimicrobial agents. However, recent data demonstrated
that lipids had antimicrobial activity, maybe by contributing
to defensive barrier functions of the skin and oral cavity and
prophylactic or therapeutic intervention of infection (Fischer
et al., 2012). Furthermore, it is clearly noticed that fraction
polarity and composition affect the antibiotic effect. For
instance, Ethyl acetate (MEA) fraction of PM exhibited higher
activity against Bacillus sp. (28.33 ± 18.50 mm) compared to
other fractions especially MET, suggesting that the major com-
pounds responsible for this inhibition, are characterized by a
weak polarity. Despite the phenolic compounds contribution
to antimicrobial activity (AA), reactive oxygen and nitrogen
species has been shown to potentiate AA by targeting many
essential processes of microbial pathogens and to synergize
one another, or with oxygen-independent antimicrobial sys-
tems, resulting in broad AA that is difficult for bacteria to
completely resist (Fang, 2004). Finally, the bacterial agentsPlease cite this article in press as: Marmouzi, I. et al., Functional composition, an
Pennisetum glaucum seeds. Journal of the Saudi Society of Agricultural Sciences (used in our studies are responsible for many infectious dis-
eases, for which resistant forms are more and more emerging.
For this reasons, finding alternative sources of antibiotics or
underlying the interesting ones, will help in finding new
metabolites with potent antibacterial effects. In this focus,
the bioguided isolation can lead to the discovery of target com-
pounds and bring new data about structure activity relation-
ships. Infectious diseases remain among the leading causes of
morbidity and mortality worldwide. Many papers have
described polyphenols, as a strategy of defense against patho-
genic bacteria. Then, phenolic compounds could be used in
combination with antibiotics (i) to potentiate their efficacy
and (ii) to lower antibiotic doses, and therefore to reduce
antibiotic adverse reactions. Actually, AA of secondary
metabolites can be attributable to both direct action against
bacteria and the suppression of microbial virulence factors.
These findings suggest the need to investigate their in vivo
activity, toxicity, and bioavailability, and to determine their
real relevance for treatment of infection diseases. Natural
sources with natural combinations of metabolites and low tox-
icity such as PM may constitute interesting alternatives or
complementary treatments in infectious diseases.
4. Conclusion
The nutritional profile of Moroccan Pearl millet seems to be of
major interest, indicating its suitability as an ingredient in the
pharmaceutical, nutraceutical and cosmetic industry. In the
other hand, it is clearly acknowledged that the interesting phe-
nolic, fatty acids and mineral composition of PM contribute to
its bioactivities. PM fractions have been shown to possess
potent anti-infectious properties and antioxidative activities,
promoted by its interesting composition and health benefits.
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